INTRODUCTION
At the moment, because of their potential for reducing the weight, graphite/epoxy laminated composites are planning to be widely adopted for new generation commercial aircrafts. However, detailed mechanisms of the fracture of CFRP due to lightning strikes are yet to be clarified though the lightning attacks are occasionally caused during the flight operation. 1 In this paper, therefore, in order to clarify the basic fracture behaviour of CFRP laminate against the lightning strikes, the artificial lightning strike tests are performed with CFRP specimens without any lightning protection systems. The relationship between the fracture and the lightning waveform or total energy (action integral) is examined by performing the damage mode classification and NDT (Non Destructive Testing).
EXPERIMENTAL
The material system used in this study is IM600/133 (QC133, Toho rayon), an intermediate modulus-high strength carbon fibres and 180 ℃ cure-type toughened epoxy resin system. Each specimen was cut out from the cured laminate to the dimensions of 150×100mm in reference to the SACMA SRM 2R-94 which is the test standard for CAI (Compression After Impact) test. The stacking sequence of the specimens is [45/0/-45/90]ns, n=2, …, 5; the thickness of the specimens are 2.3, 3.5, 4.7, and 5.8mm respectively. The artificial lightning waveform was tested by means of the impulse high-current esting facility (see Figure 1 ). The specimens were placed on the test jig made of GFRP laminate. The electrode for impulse current is fixed so that the distance between the electrode and specimen surface can be adjusted from 0.5 to 1.5mm (See Figure 2) . The several types of impulse waveform were tested for different thickness specimens. The performed test conditions are listed in Table 1 . Figure 3 shows the typical damage mode of CFRP laminate due to the lightning strike. The damaged area can be categorized into two typical damage; fibre damaged area and resin deterioration area. Around the strike point beneath the electrode, fibres are ruptured in thickness direction from surface to several layers. Both in the damage mode of fibre breakage and the resin deterioration, it can be observed that the damages progress toward the fibre direction of each layer. In order to examine the effect of waveform variation on the dimension of the damage, the relationship between the maximum current and the area of fibre damage and the relationship between the total specific energy of the waveform (action integral) and the area of the resin deteriorated regions are shown in Figure 4 and 5, respectively. The action integral is obtained with following equation: (1) where, i is the electrical current of the lightning waveform. The fibre damaged area of both 4/20 and 2.6/10.5 is proportional to the maximum current amplitude while they are unaffected by the waveform variation. On the other hand, the resin deterioration areas have a proportional relationship with the action integral of the impulse current as shown in Figure 5 . It seems that the total energy of the impulse current is the more dominant factor than the maximum current. This is because the resin deterioration caused by the resistance heating due to the high impulse current and relatively large electrical resistance of carbon fibres. The internal damages are examined by performing the ultrasonic testing. As a result, relatively large delaminations were observed near the lightning impact side in the thickness direction. The obtained delamination areas as a result of UT are shown in Figure 6 . Though the delamination area show the proportional relationship with the action integral as well as the resin deteriorated area, the delamination area showed relatively larger value than that of the resin deterioration region. It seems that the heat threshold for the delamination creation is smaller than that for resin deterioration damage. 
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